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FOREWORD 


This publication is intended as a guide to determine the density, relative density (spe- 
cific gravity), or API gravity of crude petroleum and liquid petroleum products by using 
the hydrometer method. 

A comprehensive API Manual of Petroleam Measurement Standards is currently be- 
ing prepared. The manual will include all subject matter now found in API measurement 
publications—excluding evaporation loss measurement—as well as new material. 

Suggested revisions are invited and should be submitted to the director, Measurement 
Department, American Petroleum Institute, 2101 L Street, N.W., Washington, D.C. 
20037. 
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Chapter 9—Density Determination 


SECTION 1—HYDROMETER TEST METHOD FOR DENSITY, RELATIVE DENSITY 
(SPECIFIC GRAVITY), OR API GRAVITY OF CRUDE PETROLEUM AND LIQUID 
PETROLEUM PRODUCTS 


9.1.0 Introduction 


The purpose of this chapter is to describe the method 
and practices relating to the determination of the density, 
relative density (specific gravity), or API gravity of crude 
petroleum and liquid petroleum products by using the hy- 
drometer method. 


9.1.1 Scope 


This method covers the laboratory determination, using 
a glass hydrometer, of the density, relative density (spe- 
cific gravity), or API gravity of crude petroleum, petro- 
leum products, or mixtures of petroleum and non- 
petroleum products, normally handled as liquids, and 
having a Reid vapor pressure (ASTM! Method D 323, Test 
for Vapor Pressure of Petroleum Products, or IP? 69, Va- 
pour Pressure Reid Method) of 180 kilopascals (26 
pounds) or less. 

Values are measured on a hydrometer at convenient 
temperatures, readings of density being corrected to 15°C, 
and readings of relative density (specific gravity) and API 
gravity to 60°F, using international standard tables. With 
these same tables, values determined in any one of the 
three systems of measurement are convertible to equivalent 
values in either of the other two so that measurements can 
be made in the units of local convenience. 


9.1.2 Field of Application 


The hydrometer method is most suitable for determining 
the density, relative density (specific gravity), or API 
gravity of mobile transparent liquids. 

It can also be used for viscous oils by allowing suffi- 
cient time for the hydrometer to reach equilibrium and for 
opaque oils by employing a suitable meniscus correction. 

When used with bulk oil measurements, volume correc- 
tion errors are minimized by observing the hydrometer 
reading at a temperature close to the bulk oil temperature. 


' American Society for Testing and Materials, 1916 Race Street, Phila- 
delphia, Pennsylvania 19103. 

2 Institute of Petroleum, 61 New Cavendish Street, London. WIM 8AR 
United Kingdom. 
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9.1.3 Summary of Method 


The sample is brought to the prescribed temperature and 
transferred to a cylinder at approximately the same temper- 
ature. The appropriate hydrometer is lowered into the sam- 
ple and allowed to settle. 

After temperature equilibrium has been reached, the hy- 
drometer scale is read and the temperature of the sample is 
noted. If necessary, the cylinder and its contents may be 
placed in a constant temperature bath to avoid excessive 
temperature variation during the test. 


9.1.4 Significance 


Accurate determination of the density, relative density 
(specific gravity), or API gravity of petroleum and its 
products is necessary for the conversion of measured vol- 
umes to volumes at the standard temperature of 15°C or 
60°F. Density, relative density (specific gravity), or API 
gravity is a factor governing the quality of crude petro- 
leum; crude petroleum prices are frequently posted against 
values in degrees API. However, this property of petro- 
leum is an uncertain indication of its quality unless corre- 
lated with other properties. 


9.1.5 Definitions 


Terms uscd in this method are defined as follows: 

Density is the mass (weight in vacuo) of liquid per unit 
volume at 15°C. When reporting results, explicitly -state 
the density in units of mass (kilograms) and volume (li- 
tres), together with the standard reference temperature; for 
example, kilograms per litre at 15°C. 

Relative density (specific gravity) is the ratio of the mass 
of a given volume of liquid at 60°F to the mass of an equal 
volume of pure water at the same temperature. When re- 
porting results, explicitly state the standard reference tem- 
perature, for example, relative density (specific gravity) 
60/60°F. 

API gravity (°API) is a special function of relative den- 
sity (specific gravity) 60/60°F, represented by: 

°API = (141.5 + relative density 60/60°F) — 131.5 


No statement of reference temperature is required because 
60°F is included in the definition. 

Observed values are values observed at temperatures 
other than the specified reference temperature. These 
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values are only hydrometer readings and not density, rela- 
tive density (specific gravity), or API gravity at that other 
temperature. 


9.1.6 Apparatus 


The apparatus necessary for this method are described 
and listed as follows: 
1. Glass hydrometers, graduated in units of density, rela- 
tive density (specific gravity), or API gravity as required, 


conforming to ASTM specifications or specifications of 


the British Standards Institute as listed in Table 1. : 


2. Thermometers, having ranges shown in Table 2 and - 


conforming to specifications of the ASTM or the Institute 
of Petroleum. 

3. A clear glass, plastic (see Note 1), or metal hydrometer 
cylinder, For convenience in pouring, the cylinder may 
have a lip on the rim, The inside diameter of the cylinder 
shall be at least 25 millimetres greater than the outside di- 
ameter of the hydrometer used in it. The height of the cyl- 
inder shall allow the appropriate hydrometer to float in the 
sample with at least a 25 millimetre clearance between the 
bottom of the hydrometer and the bottom of the cylinder. 
Nore 1: Hydrometer cylinders constructed of plastic materials shall be re- 


sistant to discoloration or attack by oil samples and must not become 
opaque under prolonged exposure to sunlight and oil samples. 


4, A constant-temperature bath, used when the nature of 
the sample requires a test temperature significantly above 
or below room temperature or when the requirements of 
9.1.8.8 cannot otherwise be met (see Note 2). 


Nore 2: The user should ascertain that the instruments needed for this test 
conform fo the requirements noted above with respect to materials, di- 
mensions, and scale errors. When the instrument is provided with a cali- 
bration certificate issued by a recognized standardizing body, the instru- 
ment is classed as ‘‘certified’* and the appropriate corrections listed shall 
be applied to the observed readings. Instruments which satisfy the re- 
quirements of this test method, but are not provided with a recognized 
calibration certificate, are classed as ‘‘uncertified.”’ 


9.1.7 Temperature of Test 


The density, relative density (specific gravity), or API 
gravity determined by the hydrometer method is most ac- 
curate at or near the reference temperature of 15°C or 
60°F. 

Use these or any other temperatures between — 18 and 
+90°C (0 and 195°F) if they arc consistent with the type 
of sample and necessary limiting conditions shown in Ta- 
ble 3. 

When the hydrometer value is used to select multipliers 
for correcting volumes to standard temperatures, the hy- 
drometer reading preferably should be made at a tempera- 
ture within +3°C (+5°F) of the temperature at which the 
bulk volume of the oil was measured (see Note 3). How- 
ever, when appreciable amounts of light fractions may be 
lost during determination at the bulk oil temperature, the 
limits given in Table 3 should be applied. 


Norn 3: Volume and density correction tables are based on average ex- 
pansion for a number of typical materials. Since the same coefficients 
were used in computing both sets of tables, corrections made over the 
same (emperature interval minimize errors arising from possible differ- 
ences between the coefficients of the material under test and the standard 
coefficients. This effect becomes more important as temperatures diverge 
significantly from 15°C (60°P). 


9.1.8 Procedure 


9.1.8.1 Adjust the temperature of the sample according 
to the information given in 9.1.7. Bring the hydrometer 
cylinder (see Note 4) and thermometer to approximately 
the same temperature as the sample to be tested. 

Note 4: When testing completely opaque samples, metal hydrometer cyl- 
inders may be used. When such cylinders are used, accurate reading of 
the hydrometer can only be assured if the level of the samples is within 5 
millimetres of the top of the cylinder. 

9.1.8.2 ‘Transfer the sample to a clean hydrometer cylin- 
der without splashing to avoid the formation of air bubbles 
and to minimize evaporation of the lower boiling constitu- 
ents of more volatile samples. Transfer highly volatile 


Table 1—Recommended Hydrometers 


Range Scale 
Each Meniscus 

Specification Type Unit Total Unit Interval Error Corrections 
BS 718:1960 Special petroleum Density, kg/litre at 15°C 

L50 SP 0.600 to 1.100 0.050 0.0005 + 0.0003 +0.0007 

MSO SP 0.600 to 1.100 0.050 0.001 + 0.0006 +0.0014 
BS 718:1960 Special petroleum Relative density 

LSO SP (specific gravity) 0.600 to 1.100 0.050 0.0005 + 0.0003 -+0.0007 

M50 SP 60/60°F 0.600 to 1.100 0.050 0.001 +0.0006 +0.0014 
ASTM E [00* Long, plain Relative density 

Nos. 82H to (specific gravity) 0.650 to 1.100 0.050 0.0005 + 0.0005 

90H 60/60°F 
ASTM E 100 Long, plain API gravity ,°API 

Nos. 1H to 10H . -L to +101 12 0.1 +0.1 


* ASTM E 100 Specifications for ASTM Hydrometers, Annual Book of ASTM Standards, Part 25. 
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Table 2—Recommended Thermometers 


Graduation 
Specification Type Scale Range Interval Scale Error 
IP 64C Density, wide range Cc -20 to +102 0.2 +0.1 
ASTM E 1 No. 12C Gravity Cc -20 to + 102 0.2 +0.1 
IP 64 F Relative density (specific gravity), wide range F -S to +215 0.5 +0.25 
ASTM E 1°No. 12F Gravity F -S to +215 0.5 +£0.25 


* ASTM E | Specification for ASTM Thermometers, Annual Book of ASTM Standards, Part 25, 


samples to the cylinder by water displacement or by si- 
phoning (see Note 5). Remove any air bubbles formed, af- 
ter they have collected on the surface of the sample, by 
touching them with a piece of clean filter paper before in- 
serting the hydrometer. 


Note 5: Highly volatile samples containing alcohols or other water- 
soluble material should always be transferred by siphoning. 


9.1.8.3 Place the cylinder containing the sample in a 
vertical position in a location free from air currents. En- 
sure that the temperature of the sample does not change 
appreciably during the time necessary to complete the test; 
during this period, the temperature of the surrounding me- 
dium should not change more than 2°C (5°F). When test- 
ing at temperatures much above or below room tempera- 
ture, a constant temperature bath may be necessary to 
avoid excessive temperature changes. 


9.1.8.4 Lower the hydrometer gently into the sample. 
Avoid wetting the stem above the level to which it will be 
immersed in the liquid. Continuously stir the sample with 
the thermometer, taking care that the mercury thread is 
kept fully immersed and that the stem of the hydrometer is 
not wetted above the immersion level. As soon as a steady 
reading is obtained, record the temperature of the sample 
to the nearest 0.25°C (0.5°F) and then remove the ther- 
mometer, 


9.1.8.5 Depress the hydrometer about two scale divi- 
sions into the liquid, and then release it. The remainder of 
the hydrometer stem, which is above the level of the liq- 
uid, must be kept dry since unnecessary liquid on the stem 


affects the reading obtained. With samples of low viscos- 
ity, slightly spin the hydrometer when releasing it to help 
bring it to rest, floating freely away from the walls of the 
cylinder. Allow sufficient time for the hydrometer to come 
to rest and for all air bubbles to come to the surface. This 
is particularly necessary with more viscous samples. 


9.1.8.6 When the hydrometer has come to rest and is 
floating freely away from the walls of the cylinder (see 
Note 6), estimate the hydrometer scale reading to the near- 
est 0.0001 density or relative density (specific gravity), or 
0.05° API. The correct hydrometer reading is that point on 
the hydrometer scale at which the principal surface of the 
liquid cuts the scale. Determine this point by observing 
with the eye just below the level of the liquid and slowly 
rising until the surface, first seen as a distorted ellipse, ap- 
pears to become a straight line cutting the hydrometer 
scale (see Figure 1). 

Note 6: When using a plastic cylinder, dissipate any static charge. Static 


charges often build up when using such cylinders and may prevent the 
hydrometer from floating freely. 


9.1.8.7 When measuring an opaque liquid, take a read- 
ing by observing, with the eye slightly above the plane of 
the surface of the liquid, the point on the hydrometer scale 
to which the sample rises. This reading, at the top of the 
meniscus, requires correction since hydrometers are cali- 
brated to be read at the principal surface of the liquid. The 
meniscus correction for a particular hydrometer may be de- 
termined by observing the maximum height above the 
principal surface of the liquid to which oil rises on the hy- 
drometer scale when that hydrometer is immersed in a 


Table 3—Limiting Conditions and Test Temperatures 


Sample Type Initial Boiling Point 


Other Limits Test Temperature 


Highly volatile 

Moderately volatile 120°C(250°F) and 
below 

Moderately volatile and * — {20°C(250°F) and 
viscous below 

Nonvolatile Above 120°C (250°F) 


Mixtures with nonpetro- 
leum products 


t# 
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Reid vapor pressure below 
26 Ib 2°C(5°F) or lower 


Viscosity too high at 18°C 
(65°F) obtain sufficient fluidity 


Cool in original closed container to 


Cool in original closed container to 
L8°C(65°F) or lower 
Heat to minimum temperature to 


Use any temperature between — 18 
and 90°C (0 and 195°F) as con- 
venient 

Test at 15+0.2°C (60+0.5°F) 


vere 
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Figure 1—Hydrometer Reading for Transparent Fluids 


transparent oil having a surface tension similar to that of 
the sample being tested (see Figures 1 and 2). Alterna- 
tively, the corrections given in Table | may be applied. 


9.1.8.8 Immediately after observing the hydrometer 
scale value, cautiously stir the sample with the thermome- 
ter while keeping the mercury thread fully immersed. Re- 
cord the temperature of the sample to the nearest 0.2°C 
(0.5°F) (see Note 7). If this temperature differs from the 
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Figure 2—Hydrometer Reading for Opaque Fluids 
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previous reading by more than 0.5°C (1°R), repeat the hy- 
drometer test and the thermometer observations until the 
temperature stabilizes within 0.5°C (1°F). 


Note 7: After use at a temperature higher than 38°C (100°F), allow all 
hydrometers of the lead-shot-in-wax type to drain and cool in a vertical 
position. 


9.1.9 Calculations and Report 


9.1.9.1 Apply any relevant corrections to the observed 
thermometer reading (for scale or bulb) and to the hydrom- 
eter reading (scale). For opaque samples, make the appro- 
priate correction to the observed hydrometer reading given 
in 9.1.8.7. Record the final corrected hydrometer scale 
reading (sce Note 8) to the nearest 0.0001 density or rela- 
tive density (specific gravity) or 0.1° API. After the appli- 
cation of relevant corrections, record (to the nearest 0.5°C 
or 1°F) the mean temperature value observed immediately 
before and after the final hydrometer reading. 

Nore 8: Hydrometer scale readings at temperatures other than calibration 


temperatures (15°C or 60°F) should not be considered more than scale 
readings since the hydrometer bulb changes with temperature. 


9.1.9.2 To convert corrected values from 9.1.9.1 to 
standard temperature, use the following from the physical 
properties data tables:* 


1. When a density scale hydrometer has been employed, 
use Table 53 to obtain density at 15°C.* 

2, When a relative density (specific gravity) hydrometer 
has been employed, use Table 23 to obtain relative density 
(specific gravity) 60/60°F.° 

3. When an API gravity scale hydrometer has been em- 
ployed, use Table 5 to obtain the gravity in °API.® 


9.1.9.3 When a value is obtained with a hydrometer 
scaled in one set of units and a result is required in one of 
the other units, convert by one of the appropriate physical 
properties data tables. For conversion from density at 


* Tables 5, 23, and 53 are part of the API Manual of Petroleum Measure- 
ment Standards, Chapter 11, Physical Properties Data. These and all 


other physical property data tables are also designated as ASTM D 1250 
and are available from ASTM. 


4 Table 53 is divided into: Table 53A—Generalized Crude Oils, Correc- 
tion of Observed Density to Density at 15°C and Table 53B—Generalized 
Products, Correction of Observed Density to Density at 15°C. 

5 Table 23 is divided into: Table 23A—Generalized Crude Oils, Correc- 
tion of Observed Relative Density to Relative Density at 60160°F and Ta- 
ble 23B—Generalized Products, Correction of Observed Relative Den- 
sity to Relative Density at 60/60°F.. 

® Table 5 is divided into: Table 5A—Generalized Crude Oils, Correction 
of Observed API Gravity to API Gravity at 60°F and Table 5B— 


Generalized Products, Correction of Observed API Gravity to API Grav- 
ity at 60°F. 


ci 
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& Table 4—Repeatability of Results Table 5—Reproducibility of Results 
Temperature Temperature as 
Product Range Unit Repeatability Product Range Unit Reproducibility 
Transparent —2 to 24.5°C Density 0.0005 Transparent —2 to 24.5°C Density 0.0012 
Nonviscous 29 to 76°F Relative density 0.0005 Nonviscous 29 to 76°F Relative density 0.0012 
(specific gravity) (specific gravity) 
42 to 78°F API gravity 0.1 42 to 78°F API gravity 0.3 
Opaque —2 to 24.5°C Density 0.0006 Opaque —2 to 24.5°C Density 0.0015 
29 to 76°F Relative density 0.0006 29 to 76°F Relative density 0.0015 
(specific gravity) (specific gravity) 
42 to 78°F API gravity 0.2 42 to 78°F —APT_ gravity 0.5 


15°C, use Table 51; from relative density (specific gravity) 
60/60°F, use Table 21; from API gravity, use Table 3. 


9.1.9.4 Report the final value as density in kilograms per 
litre at 15°C, as relative density (specific gravity) at 60/ 
60°F, or as gravity in °API, whichever is applicable. 


9.1.10 Precision 


The criteria specified in 9.1.10.1 through 9.1.10.3 
@ should be used for judging the acceptability of results. 
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9.1.10.1 REPEATABILITY 

Duplicate results by the same operator should be consid- 
ered suspect if the results differ by more than the amounts 
shown in Table 4. 


9.1.10.2 REPRODUCIBILITY 

The results submitted by each of two laboratories should 
be considered suspect if the results differ by more than the 
amounts shown in Table 5. 


9.1.10.3 EXCEPTIONS 

For very viscous products or when the conditions given 
in 9.1.10.1 and 9.1.10.2 are not met, no specific varia- 
tions can be given. 


MPMS 4-1-8] | 0732290 oOS55195 all 


INDEX 


A 
API pravity’GAPI) (2: exeeenq er s4s ok are es eeeedige ee edie’ s I 
API gravity scale hydrometer.... 0.6.0... cece eee eee eee 4 
B 
Boiling point, initial. ......... ccc ee eee Table 3 
Bulk oil 
MEASUTEMEMIS? oy cf sesea toad (yoke a eg ee Caetlean EA See ae 1 
temperature 0... cence eee eens 2 
SOMA Lo yi yong ew a SAN Ow RRR SER Be SOR EE Auld Ke 2 
Cc 
Calibration certificate 2.2... . cee eee cee teeter eee 2 
Constant temperature bath ........ 0.0... eee eee eee 1,2 
D 
Density’ soe ocak ge ee Ae Suh ae eS a casas 1,5 
VOATIVG O56 Ce hea Oey OU Sa Sy Sey ee OR hod hE EAN Ee ESE 1 
scale hydrometer cu vats cacy ye acetee te Sokanety oowtasseaed ane et eed 4 
G 
Glass hydrometers.. 0... 0... cbc cee cece eee ee ee teen eens 2 
Graduation interval..... 0.0... ccc cece cece ee eee eens Table 2 
Gravitys CARD) 26 pete ce sine Soa ate pe bene nee bates Wee RAL Dace MeN 5 
H 
Hydrometers(s) oi ¢ ety eat eo) need be Peele gach ead es 2 
lead-shot-in-wax type... 0... ccc ccc ce cece eens 4 
FECOMMENCE 2 6 osc Boe cine Geeta bearer ted oueated Meee Pax Table | 
SCALES reviias Suck Maven ase Seay ate ate yiaed este tatege 4h Aeerlartatde demande eed 3,4 
SIGH es ee ia nid Chi oe wd ow ied ger a Be Bay WEEE ERE Cee ee oe WOME 3 
test methods ck acu aga sea gd ee emcees aunt Gy ie agdang We {-5 
M 
MENISCUS 5524.53, ito8ity ca date alone iti ed Ba eR 3, Fig. 1, Fig. 2 
COMECHON: aoc g aad ne setae heonieed oe 1, 3, Table I, Fig. 2 
Mercury:thread: j5.2cec6ive ec casey Gee end etnies Be 3,4 
Mobile transparent liquids... 2... eee cece eee eee eee l 
N 
Nonviscous (product). .... 0.0.00... cece eee eee Table 4, Table 5 


Copyright por American Petroleum Institute 
Fri Oct 08 15:44:00 2004 


1@) 
Observed: values. 246. sete eee oe ero eyed Sede nee sata’ 1 
Opaque 
fluids, hydrometer reading for ..........0. csc eee eee eee Fig. 2 
TeQUuid soi Roi fa ab eerie Pec deg Eee eek Sistas See emece nla aek Soa eycs 3 
OSes wshehetals Pa are tanec gk Sloucust eaein i lea eahdh gdnassue eh shanti gce4 atta L 
PIOGUCE osu ad eee eve ea a ee Pb EA SLR eee Table 4, Table 5 
p 
Physical properties data tables ..... 0... cece cere ere eee 4 
Principal surface .:3... eae ew coin ead a aU IN es POT 3 
R 
Reference temperature... 2.0.0... cee ee tent neee 1 
Relative density (specific gravity)... 0.00.6. cee ce eee ees 1,4,5 
Repeatability... 0.0... e eee eee eee eee ee 5, Table 4 
Reproducibility... 00.0... c cece cece eee etree een eee 5, Table 5 
S 
Scale 10M s.cs.c.sceean sacs Situ ne po as ees arpare Mae ea ova Table 2 
SiphOhiNg css steers Pek wee Gaea seas DOA we aa 3 
Surface tension wy ss ween sw sie ean diode gs bale eee rae eee 4 
T 
Temperature 
CQUENDITUM a, as terete aa eas 2a OETA S EG AW a yar EE Be eae ee 1 
MEAN Valles. 6. 5, i evarsletincisieh auld GAM ENS Ae Ma eee eas 4 
OS test Ang a0 oe aldo cletnsngatli ies Gis sein Bey RL widedua aun onesies eeaae 2, Table 3 
Thermometers “te vtucacranaes cated bas kg bees ba dite 2 
reading (for scale or bulb) ....... ee ea ree rere ere 4 
recommended .............00.0000 Abed dda vad aioe Table 2 
Transparent 
fluids, hydrometer reading for ........ 2.0.0 e cece ee ee eee Fig. 1 
Ol Ararachesteiod aarleatinndvacetered ait ieee os peavtech A elerane wh teeta ab oesausaees 4 
POU Ct? 220i ar Aven ges y tabbed naeedete vale winter, Table 4 
Vv 
Viscosity 
LOW 2 bells Ba taetvindae i aatainad ed asthe Miionaea ee ed ceeress 3 
SamipleS/.../0% pet pet hada g died ddene nee ciehee nies I 
WwW 
Water displacement. ..... 0.20... 0. cee eee eee teeter eee 3 


